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Urban planners frequently adhere to ‘park minimum standards’ to ensure 
that public health and environmental benefits associated with greenspace are 
socially equitable. These standards denote the extent and placement of 
greenspaces, but rarely consider their form and function. Arguably, an inclusive 
evaluation of greenspace social equity requires the comparison of greenspace 
types. To address if greenspace types are socially equitable, I develop a novel 
spatial analytic approach that classifies 4,265 greenspaces according to twelve 
functional, physical characteristics. I then compare the social equity of these 
greenspace types using multiple operationalizations of social equity (provision, 
accessibility, and population pressure) throughout 4,524 neighborhoods in a 
capital city in Australia. I find that greenspace social equity varies for each of these 
types. For example, results reveal that affluent households have an abundance of 
amenity rich greenspaces and few amenity poor ones. Further, by comparing 
across multiple social equity operationalizations, I find that affluent households 
may have a deficit of the amenity poor greenspace type, but live closer to this type. 
These findings confirm that employing a greenspace typology and multiple social 
equity operationalizations can deepen our understanding of the association 
between social equity and greenspace provision. This spatial analytic approach is 
both adaptable for examining other urban land use types, and portable to other 
urban contexts, and can aid urban planners, researchers, and policy makers to 
understand how to improve the social equity of publicly beneficial greenspace 
types. 
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Highlights 
 Identifies three conceptually distinct measures of greenspace social equity  
 Introduces an objective greenspace shape measure 
 Demonstrates a cluster analysis as a method to objectively classify greenspace 
 Reveals that operationalization influences greenspace social equity findings 
 Reveals greenspace social equity varies according to greenspace type  
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Introduction 
The term ‘public greenspace’ typically describes public spaces enhanced by the 
presence of vegetation (Coolen & Meesters 2012; Feyisa et al. 2014). This vegetation can 
benefit the public by: capturing and sequestering airborne and waterborne contaminants 
(Yang et al. 2005); negating the urban heat island effect (Feyisa et al. 2014); aiding immune 
response development (Hanski et al. 2012); improving exercise effectiveness (Akers et al. 
2012; Qin et al. 2013); and reducing anxiety (Mackay & Neill 2010), depression (Beyer et al. 
2014), cortisol levels (Tyrväinen et al. 2014), and blood pressure (Pretty 2007); and elevating 
moods and self-esteem (Barton & Pretty 2010). Greenspaces are also associated with social 
benefits that include fostering place attachment (Hur et al. 2010) and inter-group trust (Mason 
2010); increasing efficacious behavior (Cohen et al. 2008); and stabilizing long-term social 
networks (McCunn & Gifford 2014). 
To ensure greenspace benefits are socially equitable, urban planners frequently 
adhere to ‘park minimum standards’. These standards typically recommend both: a minimum 
area of greenspace per local resident, and a maximum distance that any resident should travel 
to reach their closest greenspace (Byrne et al. 2010). Yet these standards generally lack 
specificity regarding the frequency, type, or proximity of greenspace amenities. I define 
greenspace amenities as features built by council to extend the functionality of greenspace, 
and thus appeal e.g. playgrounds, seating, services, and sporting amenities (Baum & Palmer 
2002; Cohen et al. 2010; Henriksen & Tjora 2014). If greenspace size and placement are the 
chief concerns in particular settings, this may explain why greenspaces can reduce or interrupt 
the continuity of neighborhood social ties (Hipp et al. 2014) and social support (Fan et al. 
2011). Further, unappealing greenspaces may extinguish residents’ desires to act as place 
guardians, which in turn leads to higher crime in some greenspaces (Groff & McCord 2012; 
Kimpton et al. 2016), and increasing crime in adjacent areas (Crewe 2001; McCord & Houser 
2015). 
When Ebenezer Howard proclaimed in 1898 that urban greenspace was a way to 
combine all the benefits of both urban and rural lifestyles by improving “the standard of health 
and comfort of all” (1898/1965, p.51), the notion that greenspace could be publically 
detrimental was unlikely. Howard’s influential Garden Cities of To-morrow (1898/1965) 
spurred the ideologically-driven Garden Cities Movement; the same movement that many 
conclude was responsible for the spread of greenspace throughout modern cities (Kabisch & 
Haase 2013; Swanwick et al. 2003). An unintended consequence of this movement is that we 
preserve the undesirable and detrimental greenspaces at the expense of urban consolidation. 
Indeed, every hectare of greenspace within the urban form displaces a hectare outside, and 
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yet it is the hectare within the urban form that: 1) extends daily commutes; 2) interrupts the 
flow of social ties; and 3) exposes residents to criminal victimization. This brings to the fore 
the importance of distinguishing types of urban greenspaces that bring the greatest benefits 
to urban dwellers. This then enables urban planners to provide more of the beneficial 
greenspace types and repurpose the detrimental greenspace types. 
While it is possible to locate multiple studies, reports, and planning schemes that 
distinguish greenspace types (see appendix 1), on whole studies do not provide greenspace 
typologies that are portable to a new urban context. Further, given that these studies employ 
unique greenspace typologies, research findings are generally incomparable between studies. 
For example, one study may employ a two-type greenspace typology (Barbosa et al. 2014) 
that is incomparable to another study that employs a nineteen-type greenspace typology (Bell 
et al. 2007). Further, while two studies may employ the same label to describe their 
greenspace type, the type may vary between studies. For example, a “neighborhood park” 
may describe a greenspace smaller than 4 hectares in one study (Brown et al. 2014) but a 
cluster group of greenspaces with similar spatial, land cover, built, and social characteristics 
for another (Ibes 2015). Last, how studies observe these characteristics can also vary. For 
example, the “amenity” characteristic could be the count (Sugiyama et al. 2010), diversity (Ibes 
2015), or qualities of greenspace amenities (Bell et al. 2007). Despite the challenges of 
classifying greenspace, it remains theoretically important given that multiple studies suggest 
residents prefer particular greenspace types (Brown et al. 2014; Korpela et al. 2010; Sugiyama 
et al. 2010), and that residents are willing to pay higher property prices to live closer to 
particular greenspace types (Anderson & West 2006; Ham et al. 2012; Panduro & Veie 2013; 
Saphores & Li 2011). 
This willingness to pay higher land prices to live closer to particular greenspace types 
also has important theoretical implications for greenspace social equity given that some social 
groups can better afford these optimal locations. Likewise, this process may displace some 
social groups to locations closer to greenspace types that bring few benefits and can even be 
harmful. Greenspace social equity research has mixed findings since both poorer (Astell-Burt 
et al. 2014; Crawford et al. 2008; Dai 2011; Estabrook et al. 2003; Mitchell & Popham 2008; 
Sister et al. 2010; Timperio et al. 2007) and wealthier social groups are associated with having 
greenspace inequities (Barbosa et al. 2007; Macintyre et al. 2008; Mavoa et al. 2014). These 
contradictory findings may be contextual but it is also notable that few of these studies 
distinguish greenspace types (for exceptions, see Ham et al. 2012; Ibes 2015; Macintyre et 
al. 2008) and social equity operationalizations routinely vary between studies (see appendix 
2), which again limits comparability between studies. Each of these social equity measures 
can be considered as belonging to one of three general operationalizations of social equity 
 4 
that from this point onwards I classify as: (1) provision, (2) accessibility, and (3) population 
pressure. The provision operationalization examines greenspace social equity by capturing 
the local abundance of greenspace. It is the most common operationalization and it is 
generally captured as the proportional area of greenspace within a buffer or neighborhood unit 
(Astell-Burt et al. 2014; Crawford et al. 2008; Estabrooks et al. 2003; Ham et al. 2012; 
Macintyre et al. 2008; Mavoa et al. 2014; Mitchell & Popham 2008; Saphores & Li, 2011; 
Timperio et al. 2007). The accessibility operationalization in contrast examines greenspace 
social equity by capturing the travel cost of visiting the nearest greenspace. It is the next most 
common operationalization and it is generally captured as either, the Euclidean or network 
distance from each household or neighborhood centroid to the nearest greenspace (see 
Barbosa et al. 2007; Ham et al. 2012; Mavoa et al. 2014; Panduro & Veie 2013). Population 
pressure, a relatively uncommon operationalization, examines greenspace social equity by 
capturing potential greenspace crowding if every resident visits their nearest greenspace. 
When captured, the greenspace becomes the unit of analysis rather than neighborhood, and 
requires counting the local resident population within each greenspace service area that is 
spatially defined by either fixed buffers, floating Gaussian-based polygons, or Thiessen 
polygons (Dai 2011; Ibes 2015; Sister et al. 2010).  
Each of these three greenspace social equity operationalizations assume some 
relationship between neighborhood residents and greenspace. For example, provision 
assumes that residents derive equal benefit from all their neighborhood greenspaces rather 
than their closest or most visited, and that a hectare of greenspace provides the same benefits 
whether whole or fragmented throughout the neighborhood. In contrast, accessibility assumes 
that residents only visit their nearest greenspace, and that they universally dislike longer 
neighborhood journeys to the greenspace. Last, population pressure assumes that 
encountering other residents is undesirable, and again that residents only visit their nearest 
greenspace. Given these notable assumptions, it is surprising that only Ham (2012), and 
Mavoa and colleagues (2014) employ multiple greenspace social equity operationalizations. 
Both studies employ a provision and an accessibility operationalization and reveal social 
inequities exist according to the accessibility operationalization, but only Mavoa and 
colleagues’ findings reveal that social inequities also exist according to the provision 
operationalization. Given that both operationalizations reveal social inequities, Mavoa and 
colleagues advise that conceptualizing greenspace social equity as a multidimensional 
concept may deepen current understandings of the issue. 
This paper seeks to redress these limitations and aims to: (1) develop a spatial analytic 
approach for distinguishing greenspace types that is both comparable between studies and 
portable to other urban contexts; and (2) to compare the social equity of these greenspace 
 5 
types by observing multiple dimensions of social equity. For my first aim, I introduce a novel 
measure for empirically capturing greenspace shape. Following, I develop a program that 
classifies a large volume of greenspace amenities according to keywords found within each 
amenity’s descriptive text. Last, I introduce a unique type of cluster analysis that can group 
greenspace according to the conventional continuous characteristics such as size but also 
can uniquely group greenspace according to binary characteristics such as the 
absence/presence of each amenity type. For my second aim, I operationalize social equity 
according to three conceptually distinct operationalizations: greenspace provision, 
accessibility, and population pressure, and then compare ordinary least squares multivariate 
regression model findings. 
Materials and Methods 
Study Area 
I employ the Brisbane Statistical Division (BSD) as the study area since it is the largest 
geographic unit available that contains all five participating local councils i.e. Moreton Bay 
Regional Council, and the Brisbane, Ipswich, Logan, and Redlands City Councils (Australian 
Bureau of Statistics 2011). The BSD is located in South East Queensland, Australia (see 
Figure 1), and comprises 588,781 hectares; 14,720 of which are public greenspace that are 
provisioned in accordance to their park minimum standards. For example, the Brisbane City 
Plan’s Desired Standards of Service (Brisbane City Council 2016) stipulates at least four 
hectares of greenspace per 1000 residents, a ‘local’ greenspace within 500 meters of every 
resident, and a ‘district’ greenspace that contains more amenities within two kilometers of 
every resident. 
[Insert figure 1] 
Data Collection 
Given that I am examining whether greenspace social equity varies according to both 
greenspace type, and the operationalization of social equity, I combine data detailing: (1) the 
locations, sizes, and shapes of greenspaces; (2) the locations and types of greenspace 
amenities; (3) the locations and demographics of neighborhoods; and (4) the road network 
linking greenspaces and neighborhoods. To observe the locations, sizes, and shapes of 4,265 
greenspaces, I employ two datasets collected and distributed by the Departments of Natural 
Resources and Mines (2011a; b). Their Digital Cadastral Database (DCDB) provides the 
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spatial attributes, which I then pair with their Queensland Valuation and Sales (QVAS) dataset1 
that provides land use type. To capture the location and types of 25,952 greenspace 
amenities, I negotiate public asset registers from all five of the previously listed local councils. 
Each public asset register provides the location of the assets as either coordinates, the 
cadastral unique identifier, or the greenspace name—and a qualitative description of the 
asset. To these, I append transport stops provided by Translink (2015)—bus stops, train 
stations, and ferry terminals. To determine the locations and demographics of neighborhoods, 
l employ Statistical Area Level One (SA1) boundaries and demographics collected by the 
Australian Bureau of Statistics (2011). SA1s comprise 162 households and 402 residents on 
average, and are comparable to a US census block group or a UK output area. Last, I employ 
MapInfo StreetPro data—collected and packaged by PitneyBowes (2012)—to define all 
footpaths and roads linking residencies to greenspaces. 
Developing a Greenspace Typology 
The established greenspace and greenspace amenities coding methods have three 
main limitations. These limitations include the researcher’s: 1) subjective perceptions and 
expertise required for coding greenspaces or greenspace amenities that cannot be directly 
transferred to another researcher; 2) available time for coding limits the scale of their study; 
and 3) employment of k-means cluster analysis limits the distinctions between greenspace to 
only continuous characteristics—e.g. amenity counts (Sugiyama et al. 2010) or amenity 
diversity (Ibes 2015)—thus qualities are lost e.g. includes playgrounds, benches, or lighting. 
With these limitations in mind, I introduce a geometric measure to greenspace research that 
objectively captures greenspace shape. Further, I automate the amenity coding process with 
a bespoke script that parses the qualitative descriptions of amenities for common keywords, 
uses these keywords for assigning a theoretically relevant code, discards amenities that lack 
all theoretically relevant keywords, and tabulates the correspondences between keywords and 
codes for replication. Last, I introduce a further cluster analysis type to greenspace research 
that gives equal weighting to continuous characteristics and binary indicators of amenity 
qualities. The operationalizations of these twelve greenspace characteristics are as follows. 
Greenspace size measures the open-space characteristic of each greenspace, which 
is theoretically beneficial by generating an ‘involuntary attention’ mental state (Kaplan 
& Kaplan 1989) and offering reprieve from ‘communality’ (Urlich et al. 1991). As such, 
                                               
1 The Queensland Valuations And Sales dataset describes 100 land use types however I only 
retain the 4 types associated with greenspace: (1) ‘sports clubs/facilities’; (2) ‘other clubs (non-
business)’; (3) ‘sportsground, racecourse, airfield’; and (4) ‘parks, gardens’. 
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I collect every land parcel with a greenspace land use type, and measure the area in 
hectares. 
Greenspace shape measures the extensibility characteristic of each greenspace. This 
operationalizes the theory that elongated greenspaces often function as connective 
paths between neighborhood destinations, and that narrow public spaces often funnel 
visitors together producing chance social encounters (Brantingham & Brantingham 
1993). Greenspace extensibility also appeals to joggers when choosing an exercise 
route (Brown, Schebella, & Weber 2014). As such, I measure the area and perimeter 
of the greenspace land parcels, and use these two measures to calculate the 
isoperimetric quotient of each greenspace shape to characterize extensibility 
(𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 =  (4 𝜋 𝐴𝑟𝑒𝑎) ⁄ 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟𝐿𝑒𝑛𝑔𝑡ℎ2 ). This characteristic ranges between ‘0’ 
for a hypothetical greenspace that is a line and ‘1’ for a hypothetical greenspace that 
is perfectly circle shaped. 
Amenity type captures qualitative characteristics of greenspace amenities that councils 
build to extend the social utility of greenspace visits (Sugiyama et al. 2010). Arguably, 
naturally occurring (e.g. trees, bushes, and watercourses), landscaping (e.g. 
embankments), safety (e.g. drainage grates), and maintenance features (e.g. water 
taps) improve the amenity of greenspace but given this is a social equity study, I limit 
amenities to those intentionally built by councils for generating chance social 
encounters between community residents (Henriksen & Tjora 2014; Jacobs 1964). I 
combine asset registers from all five previously listed local councils, and retain the 
238,891 assets located within greenspace land parcels. My bespoke script identifies 
3,278 unique qualitative descriptions between these assets, and lists 73 theoretical 
relevant keywords from within these descriptions. I sort these keywords into ten 
theoretically-distinct lists for my script to either code assets as one of the ten following 
greenspace amenity types: 1) BBQs & Tables; 2) Buildings; 3) Dog Enclosure; 4) Place 
Managers (e.g. kiosk operators); 5) Formal Sport Features; 6) Informal Sport Features; 
7) Lighting; 8) Playground Features; 9) Public Transport Stop; or 10) Seating, or drop 
on the basis that they lack any theoretically relevant keywords. Last, I tabulate these 
lists to ensure coding replicability (see table 1). 
[Insert Table 1] 
For classifying greenspace according to all twelve characteristics, I employ Gower’s 
dissimilarity matrix (1985) and Ward’s linkage method (1963) since this combination supports 
a cluster analysis that provides equal weighting to continuous and binary characteristics. As a 
cluster analysis, it will generate 4,264 (n-1) greenspace typologies with greenspace types 
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ranging from two to 4,264 (n-1) so I employ Calinski and Harabasz’ pseudo-F index score 
(1974) to determine the optimal typology. The optimal typology occurs when the greenspace 
types share the least similarity according to the twelve greenspace characteristics. Following, 
a discriminant analysis (Albert & Harris, 1989) will confirm if this is a robust greenspace 
typology. 
Neighborhood Social Equity of Greenspace 
For a comprehensive examination of greenspace social equity, I employ an 
operationalization of greenspace provision, accessibility, and population pressure (see table 
2). My provision operationalization employs all 4,093 neighborhoods within the BSD as the 
unit of analysis (SA1). It builds upon Astell-Burt and colleagues’ method (2014) but rather than 
measuring the proportional area of greenspace within a one kilometer buffer centered on the 
neighborhood’s population weighed centroid (SA1), my method locates residents using 
multiple one kilometer buffers, with each centered on Meshblock centroids (MB). A MB is 
nested spatial subunit of the neighborhood that is suitable for improving the locational 
accuracy of neighborhood residents by including population count, but unsuitable for 
neighborhood socio-structural characteristics by lacking demographic data. Following, I 
aggregate the MB results to the neighborhood (SA1) using the population count for weighting. 
This approach was devised upon finding that many neighborhood population weighted 
centroids in the BSD were located within non-residential land parcels thus poor indicators of 
a neighborhood resident’s lived experience. Further, greenspace was often located at the 
edge of neighborhoods and thus beyond the one kilometer buffers centered on larger 
neighborhood centroids.  
My accessibility operationalization also employs all 4093 neighborhoods within the 
BSD as the unit of analysis and again the MB to capture the location of residents. It builds 
upon Mavoa and colleagues’ method (2014) that measures the road network distance from 
the neighborhood population weighted centroid (SA1) to the nearest greenspace, but instead 
measures from multiple residential MB centroids and aggregates the results as described for 
my provision operationalization. Further, I reverse the polarity of accessibility (* -1) so that 
higher values for both provision and accessibility indicate that residents have a favorable 
relationship with neighborhood greenspace. This approach was devised since population 
weighted centroids potentially located within greenspace would provide a false indication that 
the average neighborhood resident lives zero meters from their nearest greenspace.  
My final population pressure operationalization departs from the former two since all 
4,130 greenspaces are now my unit of analysis. It builds upon Sister and colleagues’ method 
(2014) that employs Thiessen polygons of the greenspace, but instead employs road network 
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distance rather than Euclidian distance when generating the Thiessen polygons for a truer 
measure of the greenspace catchment (Okabe et al. 2015). Further, to approximate the 
location of neighborhood residents, I generate a random point for each resident within the MB. 
For population pressure, lower values indicate residents can expect less potential crowding 
when visiting their local greenspace.  
[Insert Table 2] 
To explain greenspace social equity, I distinguish neighborhoods according to six 
empirically derived indicators, and the ABS census provides all the necessary socio-structural 
data at the SA1 level (see Table 3). My concentrated immigration indicator measures the 
proportion of neighborhood residents from a non-English speaking background given that 
linguistic barriers can inhibit informal social controls of public space (Sampson et al. 1999), 
identify residents more likely to avoid public space for fear of racial attacks (Madge 1997) or 
again identify residents likely to hold greenspace values distinct from English cultural norms 
(Frumkin 2005). My child density indicator measures the neighborhood proportion younger 
than fifteen given that childhood obesity is linked to the inaccessibility of open space and 
playgrounds (Cutts et al. 2009), and that neighborhood playgrounds can be instrumental in 
the development of neighborhood social ties between parents (Bennet et al. 2012). My 
population density indicator measures neighborhood resident count divided by the 
neighborhood residential area in hectares given the well-established theory that crowding 
socially overwhelms neighborhood residents with strangers (Simmel 1964; Wirth 1938), and 
that these residents particularly appreciate low density areas to experience a social reprieve 
from ‘communality’ e.g. greenspaces (Urlich 1983). Given that greenspace social inequities 
have been explained by both neighborhood disadvantage (e.g. Astel-Burt et al. 2014; 
Crawford et al. 2008) and neighborhood affluence (e.g. Barbosa et al. 2007; Mavoa et al. 
2014), I capture neighborhood concentrations of both to operationalize the localized process 
of ‘spatial sorting’ (Sampson et al. 1999). My concentrated disadvantage indicator is a factor 
(eigenvalue = 1.8) of neighborhood proportion living in poverty, unemployed, receiving public 
assistance, and single mothers. My concentrated affluence indicator is a factor (eigenvalue = 
2.17) of neighborhood proportions of high-income households, adults with university-level 
education, and adults with professional or managerial employment. Last, my residential 
stability indicator is a factor (eigenvalue = 1.58) of the neighborhood proportion of residents 
living in the same home for at least five years, and the neighborhood proportion of owner 
occupied dwellings. I include this last indicator given that the residentially stable 
neighborhoods generally have stable social networks that can uphold collective values and 
lobby for collective interests (Coleman 1988).  
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[Insert Table 3] 
Analytic Strategy 
I employ multivariate Ordinary Least Squares models (OLS) to examine greenspace 
social equity, and OLS again to examine the greenspace social equity of each greenspace 
type. Further, I examine and compare all three social equity operationalizations with the SA1 
as the unit of analysis for 1) greenspace provision and 2) accessibility, and the greenspace 
catchment for 3) greenspace population pressure. In each model, I examine concentrated 
immigration, child density, population density, concentrated disadvantage, concentrated 
affluence, and residential stability to explain greenspace social inequity. 
Results 
A Typology of Greenspace 
The cluster analyses revealed four distinct greenspace types (pseudo-f = 6.21; see 
Table 4) and a discriminant analysis confirmed this is a robust greenspace typology (p = 0.01). 
The cluster group one greenspaces were relatively large and round in shape, and contained 
multiple amenity types. These theoretically fulfill multiple lifestyle roles and attract diverse 
visitor groups (Jacobs 1964), thus I labelled these the amenity rich greenspace type (see 
Figure 2a). The cluster group two greenspaces were generally smaller than the amenity rich 
greenspace, and infrequently contained amenity types other than seating and/or playgrounds. 
These theoretically fulfill fewer lifestyle roles and are more prescriptive about welcome visitor 
groups (e.g. unaccompanied males can feel unwelcome near playgrounds; see Refshauge et 
al. 2012) thus I labelled these the sit or play greenspace type (see Figure 2b). The cluster 
group three greenspaces were generally smaller and extended in shape, and lacked all 
amenity types except public transport stops. These are theoretically prescriptive about the 
welcome visitor type (e.g. public transport users and people passing through to elsewhere; 
see Brantingham & Brantingham 1993) thus I labelled these the transport greenspace type. 
Last, the cluster group four greenspaces were the most abundant yet lacked all ten amenity 
types. These greenspaces only offer the public benefits of open space thus I labelled these 
the amenity poor greenspace type. 
[Insert Table 4] 
[Insert Figure 2] 
 
 11 
The Social Equity of Greenspace Provision 
My initial greenspace provision models examine the abundance of neighborhood 
greenspace and determine whether inequities are explained by neighborhood social 
composition (see Table 5). The initial model suggested that both concentrated immigration (b 
= 0.09; p < 0.05) and residential stability (b = 1.4; p < 0.001) explain neighborhood greenspace 
abundances, while distinguishing the greenspace types in the subsequent models provided 
further insights. For instance, concentrated affluence explained amenity rich (b = 2.2; p < 
0.001) and sit or play (b = 0.8; p < 0.001) greenspace abundances, but also explained 
transport (b = -0.4; p < 0.001) and amenity poor (b = -2.7; p < 0.001) greenspace scarcity. 
Likewise, concentrated immigration explained amenity rich (b = 0.3; p < 0.001) and sit or play 
(b = 0.1; p < 0.001) greenspace abundances, but also explained transport (b = -0.03; p < 0.05) 
and amenity poor (b = -0.3; p < 0.001) greenspace scarcities. Further, child density explained 
amenity poor greenspace abundance (b = 0.07; p < 0.001), and population density explained 
transport greenspace abundance (b = 0.01; p < 0.05). In sum, concentrated immigration and 
affluence explained neighborhood scarcities of greenspace types with few amenities—
transport and amenity poor—but this was potentially compensated by neighborhood 
abundances of greenspace with more amenities—amenity rich and sit or play. This may 
suggest that these two social groups particularly value high amenity greenspace (Frumkin 
2005; Sugiyama et al. 2010), or they are outcompeting their social counterparts to live within 
these neighborhoods with premium greenspaces (Macintyre et al. 2008; Panduro & Vrie 
2013). 
[Insert Table 5] 
The Social Equity of Greenspace Accessibility 
My next set of accessibility models examine the travel costs of neighborhood residents 
visiting their closest greenspaces and determines whether any inequities are explained by the 
neighborhood social composition (see Table 6). The initial model suggested that concentrated 
immigration (b = 0.03; p < 0.001), population density (b = 0.02; p < 0.001), concentrated 
disadvantage (b = 0.1; p < 0.01), and concentrated affluence (b = 0.2; p < 0.001) explain 
greenspace accessibility while residential stability explained greenspace inaccessibility (b = -
0.2; p < 0.001). Distinguishing greenspace types provided further insights once more. For 
instance, concentrated immigration explained amenity poor greenspace inaccessibility (b = -
0.3; p < 0.001), and child density explained amenity rich (b = -0.04; p < 0.01), sit or play (b = 
-0.03; p < 0.05), and transport (b = -0.02; p < 0.001) greenspace inaccessibility. Last, 
concentrated disadvantage explained amenity rich (b = -0.7; p < 0.001) and sit or play (b = -
0.7; p < 0.05) greenspace inaccessibility. These findings may suggest that disadvantaged 
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households cannot afford spatial proximity to high amenity greenspace types, or that 
concentrations of disadvantaged households lack the social capital necessary to preserve 
high amenity greenspace types (Sampson et al. 1999). These findings also uniquely reveal 
that households with children generally have higher travel costs when visiting their nearest 
greenspaces, which has important implications given that inactivity is commonly associated 
with the rise of childhood obesity (Ellaway et al. 2007). 
Examining greenspace social equity by comparing greenspace provision and 
accessibility also revealed further insights. For instance, residentially stable neighborhoods 
have greenspace abundance yet greenspace inaccessibility. Residentially stable 
neighborhoods may reflect older planning standards that emphasized a few large 
greenspaces rather than an interspersion of many small greenspaces closer to homes (Hall 
2010). Similarly, while concentrated affluence explains amenity poor and transport 
greenspace accessibility, it also explains amenity poor and transport greenspace scarcity so 
perhaps these findings suggest that these types are interspersed throughout affluent 
neighborhoods. 
[Insert Table 6] 
The Social Equity of Greenspace Population Pressure 
My final set of population pressure models examines whether local residents can 
expect crowding when visiting their local greenspace and determines whether inequities are 
explained by the neighborhood social composition (see Table 7). As such, greenspace rather 
than neighborhood is the unit of analysis for these models, and the aggregate demographics 
of individual residents within the greenspace catchments explain social inequities. The initial 
model suggested that high population pressure greenspaces were explained by surrounding 
concentrated immigration (b = 6.1; p < 0.001), disadvantage (b = 51.7; p < 0.01), affluence (b 
= 25.1; p < 0.01), and high population density (b = 12.4; p < 0.001). Distinguishing greenspace 
types also provided further insights for these models. For example, low population pressure 
amenity rich (b = -174.5; p < 0.05) and sit or play (b = -130.2; p < 0.05) greenspaces were 
explained by surrounding concentrated immigration, while high population pressure transport 
(b = 275.4; p < 0.05) and amenity poor (b = 45.8; p < 0.001) greenspaces were also explained 
by surrounding concentrated immigration. Further, low population pressure amenity poor 
greenspaces were explained by surrounding child density (b = -7.2; p < 0.01). Last, low 
population pressure amenity rich (b = -1528.8; p < 0.01) and sit or play (b = -936.2; p < 0.01) 
greenspaces were explained by surrounding concentrated affluence, while high population 
pressure transport (b = 2588.6; p < 0.001) and amenity poor (b = 281.4; p < 0.001) 
greenspaces were also explained by surrounding concentrated affluence. In sum, these 
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findings reaffirm that high population pressure greenspaces are generally located within 
spatial concentrations of disadvantaged households (see Dai 2011; Sister et al. 2010) while 
uniquely revealing that they are also located within spatial concentrations of affluent 
households. The greenspace typology further teased apart this association by revealing that 
the high amenity greenspace types had low population pressure within spatial concentrations 
of affluent households. This theoretically important finding suggests that affluent residents 
visiting their closest amenity rich greenspace type are less likely to encounter an amenity 
already in use. Last, comparing greenspace population pressure to provision and accessibility 
operationalizations again suggested that affluent households tend to have an interspersion of 
amenity poor greenspaces nearby which improves accessibility but this greenspace type 
provides residents with fewer enticements for visiting. 
[Insert Table 7] 
Discussion and Conclusion 
The aims of this study were twofold: to improve the methodological rigor and portability 
associated with distinguishing greenspace types; and to examine and compare three 
conceptually distinct greenspace social equity operationalizations—greenspace provision, 
accessibility, and population pressure. My spatial analytic approach combined disparate data 
from multiple sources to generate a statistically robust greenspace typology that comprised 
the four following greenspace types: (1) amenity rich, (2) sit or play, (3) transport, and (4) 
amenity poor. My analyses examined each operationalization of greenspace social equity with 
and without the greenspace typology, and explained each set of findings using neighborhood 
social structural characteristics—concentrated immigration, child density, population density, 
concentrated disadvantage, concentrated affluence, and residential stability. 
My results reveal four key findings. First, greenspace social inequities occur within both 
disadvantaged and affluent neighborhoods when greenspace types are unobserved which 
may explain the mixed findings of prior studies (Astell-Burt et al. 2014; Crawford et al. 2008; 
Dai 2011; Estabrook et al. 2003; Mitchell & Popham 2008; Sister et al. 2010; Timperio et al. 
2007). In contrast, distinguishing greenspaces types reveals that affluent neighborhoods have 
an abundance of high amenity greenspace types while inequities exist only for the low amenity 
greenspace types. Second, immigrant and affluent families share similar greenspace social 
equity since both have more of, live closer to, and share less of their high amenity greenspace. 
Third, families with children under 15 have poor greenspace accessibility for all greenspace 
types, which suggests children in particular have poor access to greenspace benefits. Last, 
while affluent families are also near the low amenity greenspace types – transport and amenity 
poor, these greenspaces are small in area and have high population pressure, which may 
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suggest that greenspace interspersion is particularly associated with this social group. My 
findings confirm that a greenspace typology can provide a more nuanced understanding of 
why greenspace social inequities occur, and support Ibes’ (2015) argument that greenspace 
typologies are necessary for meaningful understanding of greenspace allocation, design, and 
management. Further, my findings demonstrate that examining multiple social equity 
operationalizations can explain how greenspace social inequities occur—e.g. greenspace 
under-provision, inaccessibility, or overcrowding—which supports Movoa and colleagues’ 
claim that planning regulations should include multiple measures to better support greenspace 
social equity. 
While my results are theoretically informative, they also have direct implications for 
planning policy. For instance, they suggest that park minimum standards that only specify 
greenspace provision and accessibility are ill equipped to prevent other forms of greenspace 
inequity such as the type of greenspace and the population pressure of the greenspace. 
Byrne, Sipe, and Searle (2010) also argue this point by claiming that such standards deliver 
bland and underutilized greenspace rather than high quality greenspace. Further, the results 
demonstrate that despite park minimum standards, the private housing market appears to 
exclude poorer families from the high amenity greenspace types. Last, the results suggest that 
despite providing greenspace amenities specifically to cater towards children such as 
playgrounds, families with children generally live further from greenspaces. 
Five limitations of this research require noting. First, while this is a large study that 
spans the cities of Brisbane, Logan, and Ipswich, my findings are subject to local planning 
standards, which will differ within other urban contexts. As such, determining the external 
validity of my approach will require examining multiple urban contexts that are subject to 
distinct planning standards. Second, while I suggest that the conflicting greenspace provision 
and accessibility findings could reflect the interspersion of greenspace throughout the 
neighborhood, this interpretation cannot be confirmed without further examination. As such, 
subsequent studies may consider examining greenspace interspersion as a further 
operationalization of greenspace social equity. Greenspace interspersion may have important 
theoretical implications if neighborhoods are observed that have high greenspace accessibility 
but unvisited greenspace since they are too small in size to provide beneficial open-space 
(Urlich 1991), vegetation (Kaplan & Kaplan 1989), connectivity (Brantingham & Brantingham 
1993), or amenities (Henriksen & Tjora 2014; Jacobs 1964). Alternatively, interspersion could 
reflect different periods of planning codes since it was also associated with residential stability 
(see Hall 2010). Third, my greenspace typology accuracy is highly dependent on the data 
quality of multiple secondary amenity data sources. As such, I cannot confirm that the primary 
data collectors from each council desired the same inventory that I require for distinguishing 
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greenspace types. Likewise, I cannot determine if any of the recorded amenities are damaged 
beyond practical use due to vandalization or disrepair. Given that my study considered 
greenspace social equity for 4129 greenspaces, systematically observing all sites was beyond 
the scope of the current project. Fourth, I could not examine the dynamics of greenspace 
social equity since only cross-sectional data of greenspace amenities available at the time of 
the study. As such, subsequent research should examine longitudinal changes to greenspace 
and greenspace types to determine whether neighborhood social composition explains the 
requisition and retention of neighborhood greenspace. Last, greenspace social equity 
research assumes that greenspace is universally appealing. As such, subsequent research 
should attempt to tease greenspace preferences apart from greenspace social inequities to 
deepen understandings of the issue. 
In conclusion, greenspace social equity is an ideal denoting that all greenspace 
benefits are universally shared. At least within the Brisbane Statistical Division context, I find 
that particular greenspace types are not socially equitable, and occasions where multiple 
measures are required to detect social inequities. With urban consolidation gaining 
momentum as a way to repair cities heavily burdened by traffic congestion, this process will 
continue to increase the demand on urban space. For this reason, there is an urgent 
requirement for urban researchers to identify the publically beneficial land uses worth retaining 
and the unproductive and detrimental land uses ready for repurposing. Urban greenspace is 
the focal land use of this study, but the demonstrated spatial analytic approach is both portable 
to other urban contexts, and adaptable to examining the social equity of other urban land uses. 
With this toolset, urban researchers, policy makers, and planners are better equipped to 
design socially equitable cities.  
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Fig. 1 The Brisbane Statistical Division (BSD) extent within Queensland, Australia 
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2a. Amenity rich identified at 25 Paradise St Highgate Hill QLD 4101 AU 2b. Transport identified at 7 MacDonnell St Toowong QLD 4066 AU 
2c. Sit or play identified at 15 Douglas St Saint Lucia QLD 4067 AU 2d. Amenity poor identified at 17/19 Pollock St Balmoral QLD 4171 AU 
Fig. 2 An identified example of each greenspace type
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Table 1 
The keywords identified within amenity descriptions for coding of amenities 
# Public Asset Description Keyword Greenspace Amenity Type 
1 "table", "bbq", "barbecue", OR "firewood" BBQs & Tables (Edwards et al. 2009) 
2 "shower", "toilet", OR "change room" Buildings (Fisher & Nasar 1992, 1995; Groff & 
McCord 2012; Jorgensen et al. 2013; Nasar et 
al. 1983) 
3 "dog" NOT “sign”  Dog Enclosure (Carter 2014; Christian et al. 
2010; Crawford et al. 2008; Lee et al. 2009; 
Westgarth et al. 2009) 
4 "museum/resource centre", "pcyc", "library", "visitor centre", "information booth", 
OR "information centres". 
Managers (Baum & Palmer 2002; Felson & 
Boba 2010; Groff & McCord 2012) 
5 "shot put", "hammer throw", "equestrian", "horse", "aussie rules", "afl", "sporting 
field", "stadium", "goal post", "goal", "club", "sporting clubhouse", "stand", "golf", 
"baseball", "cricket", "hockey", "rugby", "soccer", "basketball", "basketball_netball", 
"handball", "netball", "tennis", "volleyball", "sporting court", "basketball/netball", 
"boules court", OR "lawn bowls/croquet green" 
Formal Sports (Cohen et al. 2010; Nicol & Blake 
2000; Seeland et al. 2009; Zakus et al. 2009) 
6 "fitness exercise equipment", "upper body equipment", "exercise station", "bike", 
"bmx", "skate", "fitness exercise equipment", "upper body equipment", OR "exercise 
station"  
Informal Sports (Taylor & Khan 2011) 
7 "light" Lights (Fisher & Nasar 1992, 1995; Groff & 
McCord 2012) 
8 "playground", "swing", "rocker (rota roca)", "spinner (supa nova)", "softfall", "pedal 
power", "play", "jungle gym", "giant revolving disk type e", "maze", "slide", "see-
saw", "spring rocker", "digger", OR "monorail" 
Playground (Baum et al. 2002; Butler 2008; 
Czalczynska-Podolska 2014; Refshauge et al. 
2012; Seeland 2009) 
9 “translink” Public Transport (Kaczynski et al. 2014; Owen 
et al. 2007) 
10 "furniture", "bench", OR "seat" Seating (Davis 2006; Skjaeveland & Garling 
1997) 
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Table 2 
Three conceptually distinct greenspace social equity operationalizations  
Conceptualization Unit of Analysis Operationalization Diagram 
Provisioning Neighborhood The neighbourhood (SA1) population weighted 
average of greenspace area within 1km buffers that 
are centred on “residential” MeshBlocks (MB). Higher 
values indicate a higher provisioning of greenspace.  
 
Accessibility Neighborhood The neighbourhood (SA1) population weighted 
average of road network distance between “residential” 
MeshBlock (MB) centroids and the closest 
greenspace. This value is then reversed (* -1) so that 
higher values indicate that visiting the nearest 
greenspace has lower travel costs. 
 
Population 
Pressure 
Greenspace 
Service Area 
The count of residents located within greenspace 
catchments that are spatially defined using road 
network Thiessen polygons. The location of individual 
residents are estimated by generating a point for every 
resident within each MeshBlock (MB) and each 
resident retains their neighborhood (SA1) social 
characteristics. Lower values indicate local residents 
can expect less potential crowding when visiting the 
greenspace. 
 
 
  
GS
RES
RES
GS
GS
RES
RES
1km
GS
RES
RES
GS
GS
RES
RES
GS
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
GS
GS
GS
GS
GS
GS
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Table 3 
Conceptualization and operationalization of six structural characteristics for explaining greenspace social inequity  
Structural Characteristic Conceptualization Operationalization Min. Max. Mean S.D. 
Concentrated 
Immigration 
Detrimental linguistic 
barriers and cultural 
isolation 
Percentage of residents from a non-English speaking background 0% 47% 5% 6% 
Child Density The child-centric nature 
of neighborhood life and 
sociability 
Percentage of families with children under 15 0% 100% 65% 10% 
Population Density Crowding that produces 
social anonymity, and 
hinders social ties. 
Total residents divided by total neighborhood hectares 0.004 599 23 17 
Concentrated 
Disadvantage 
Out-migration of middle-
class residents and 
increasing economic 
dependency 
Factor (eigenvalue = 1.8) combining the proportion of: households 
living in poverty (less than $AU300 per week; loading = 0.49); 
adults unemployed (loading = 0.46); households receiving public 
assistance (loading = 0.53); and single mothers (loading = 0.52) 
-1.3 14.3 -0.4 0.9 
Concentrated Affluence In-migration of wealthy 
households thereby 
displacing relatively 
poorer households  
Factor (eigenvalue = 2.17) combining the proportion of: household 
with high-incomes (above $2000 per week; see ABS 2015; loading 
= 0.51); adults with university-level education (loading = 0.61); and 
adults employed as professionals or managers (loading = 0.60) 
-2.5 5.7 0.2 1 
Residential Stability Social embeddedness of 
residents 
Factor (eigenvalue = 1.58) combining the proportion of: residents 
still occupying the same home from 5 years ago (loading = 0.71); 
and dwellings that are owner-occupied (loading = 0.71) 
-3.5 1.7 0.4 1 
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Table 4 
The four greenspace types empirically identified within the Brisbane Statistical 
Division in Australia 
Cluster number 1 2 3 4 Total 
Greenspace Type 
Label Amenity rich Sit or play Transport 
Amenity 
poor  
BBQs & Tables 77% 9% 0% 0% 12% 
Buildings 31% 4% 0% 0% 5% 
Dog Enclosure 6% 2% 0% 0% 1% 
Managers 3% 0% 0% 0% 0% 
Formal Sports 51% 9% 0% 0% 9% 
Informal Sports 49% 32% 0% 0% 13% 
Lights 58% 27% 0% 0% 13% 
Playground 87% 49% 0% 0% 21% 
Public Transport 26% 18% 100% 0% 13% 
Seating 99% 66% 0% 0% 26% 
Roundness (median) 0.52 0.51 0.47 0.47 0.49 
Hectares (median) 1.74 0.56 0.87 0.62 0.71 
Total 578 789 257 2,641 4,265 
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Table 5 
Social inequities of greenspace provision explained by neighborhood socio structural 
characteristics, with inequity measured in hectares of neighborhood greenspace  
Any 
Greenspace 
Amenity rich Sit or play Transport Amenity poor 
 
b/se 
 
b/se 
 
b/se 
 
b/se 
 
b/se 
 
Concentrated 
Immigration 
0.09 * 0.3 *** 0.1 *** -0.03 * -0.3 *** 
(0.04) 
 
(0.03) 
 
(0.02) 
 
(0.01) 
 
(0.02) 
 
Child Density 0.05 
 
0.008 
 
-0.02 
 
-0.01 
 
0.07 *** 
(0.03) 
 
(0.02) 
 
(0.01) 
 
(0.010) 
 
(0.02) 
 
Population 
Density 
-0.02 
 
-0.02 
 
-0.0003 
 
0.01 * -0.01 
 
(0.02) 
 
(0.01) 
 
(0.007) 
 
(0.006) 
 
(0.010) 
 
Concentrated 
Disadvantage 
0.03 
 
0.4 
 
0.2 
 
-0.1 
 
-0.4 
 
(0.3) 
 
(0.2) 
 
(0.1) 
 
(0.1) 
 
(0.2) 
 
Concentrated 
Affluence 
-0.06 
 
2.2 *** 0.8 *** -0.4 *** -2.7 *** 
(0.2) 
 
(0.2) 
 
(0.1) 
 
(0.09) 
 
(0.1) 
 
Residential 
Stability 
1.4 *** -0.10 
 
0.5 *** 0.04 
 
0.9 *** 
(0.3) 
 
(0.2) 
 
(0.1) 
 
(0.1) 
 
(0.2) 
 
Constant 15.5 *** 4.7 *** 4.0 *** 2.8 *** 4.1 *** 
(1.8) 
 
(1.2) 
 
(0.8) 
 
(0.7) 
 
(1.1) 
 
Observations 4524 
 
4524 
 
4524 
 
4524 
 
4524 
 
R2 0.01 *** 0.06 *** 0.005 *** 0.005 *** 0.1 *** 
* = p<0.05, ** = p<0.01, and *** = p<0.001 
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Table 6 
Social inequities of greenspace accessibility explained by neighborhood socio 
structural characteristics, with social inequity measured in kilometers closer to the 
nearest greenspace  
Any 
Greenspace 
Amenity rich Sit or play Transport Amenity poor 
 
b/se 
 
b/se 
 
b/se 
 
b/se 
 
b/se 
 
Concentrated 
Immigration 
0.03 *** 0.3 *** 0.3 *** 0.03 *** -0.3 *** 
(0.004) 
 
(0.02) 
 
(0.02) 
 
(0.008) 
 
(0.03) 
 
Child Density -0.005 
 
-0.04 ** -0.03 * -0.02 *** -0.02 
 
(0.003) 
 
(0.01) 
 
(0.01) 
 
(0.005) 
 
(0.02) 
 
Population 
Density 
0.02 *** 0.07 *** 0.07 *** 0.04 *** 0.06 *** 
(0.002) 
 
(0.008) 
 
(0.008) 
 
(0.003) 
 
(0.01) 
 
Concentrated 
Disadvantage 
0.1 ** -0.7 *** -0.7 *** 0.2 ** 1.3 *** 
(0.04) 
 
(0.2) 
 
(0.2) 
 
(0.07) 
 
(0.2) 
 
Concentrated 
Affluence 
0.2 *** 2.0 *** 1.8 *** 0.2 *** 2.4 *** 
(0.03) 
 
(0.1) 
 
(0.1) 
 
(0.05) 
 
(0.2) 
 
Residential 
Stability 
-0.2 *** -0.5 ** -0.4 ** -0.5 *** -0.6 ** 
(0.03) 
 
(0.2) 
 
(0.2) 
 
(0.06) 
 
(0.2) 
 
Constant -1.3 *** -5.2 *** -5.6 *** -2.3 *** -26.8 *** 
(0.2) 
 
(0.9) 
 
(0.8) 
 
(0.3) 
 
(1.3) 
 
Observations 4524 
 
4524 
 
4524 
 
4524 
 
4524 
 
R2 0.1 *** 0.2 *** 0.2 *** 0.1 *** 0.1 *** 
* = p<0.05, ** = p<0.01, and *** = p<0.001 
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Table 7 
Social inequities of greenspace population pressure explained by neighborhood 
socio structural characteristics, with social inequity measured as population within 
the greenspace service area  
Any 
Greenspace 
Amenity rich Sit or play Transport Amenity poor 
 
b/se 
 
b/se 
 
b/se 
 
b/se 
 
b/se 
 
Concentrated 
Immigration 
6.1 *** -174.5 * -130.2 * 275.4 * 45.8 *** 
(1.6) 
 
(71.2) 
 
(55.6) 
 
(107.1) 
 
(4.8) 
 
Child Density 0.2 
 
2.8 
 
32.2 
 
68.2 
 
-7.2 ** 
(1.0) 
 
(68.6) 
 
(45.7) 
 
(98.2) 
 
(2.6) 
 
Population 
Density 
12.4 *** 73.2 * 9.0 
 
5.0 
 
42.0 *** 
(0.7) 
 
(37.2) 
 
(22.3) 
 
(58.1) 
 
(2.1) 
 
Concentrated 
Disadvantage 
51.7 ** -502.4 
 
494.4 
 
1250.1 
 
33.1 
 
(15.7) 
 
(1094.3) 
 
(789.2) 
 
(1417.0) 
 
(40.3) 
 
Concentrated 
Affluence 
25.1 ** -1528.8 ** -936.2 ** 2588.6 *** 281.4 *** 
(9.0) 
 
(480.1) 
 
(360.5) 
 
(666.1) 
 
(24.4) 
 
Residential 
Stability 
20.1 
 
706.1 
 
-30.3 
 
-404.8 
 
-45.6 
 
(12.7) 
 
(763.6) 
 
(568.6) 
 
(1180.6) 
 
(34.8) 
 
Constant 205.5 ** 3290.7 
 
1608.4 
 
1765.4 
 
467.9 * 
(70.2) 
 
(4786.8) 
 
(3228.7) 
 
(6981.2) 
 
(182.8) 
 
Observations 4130 
 
573 
 
781 
 
257 
 
2554 
 
R2 0.1 *** 0.3 *** 0.02 * 0.1 *** 0.3 *** 
* = p<0.05, ** = p<0.01, and *** = p<0.001 
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Appendix 1 
Greenspace studies that employ a greenspace typology  
# Paper # of Greenspace 
Types Identified 
Sorting Limitation 
1 
Brisbane City Plan 2000. Infill Community Purpose Infrastructure Contributions Planning Scheme Policy (Brisbane 
City Council 2009) 
3 
Quantify area and assign 
breaks 
Unidimensional and omits 
greenspace amenities 2 City of London Open Spaces Audit Report (City of London Corporation 2013) 6 
3 Nature, Role and Value of Green Space in Towns and Cities: An Overview (Swanwick et al. 2003) 4 
4 
Associations between Recreational Walking and Attractiveness, Size, and Proximity of Neighborhood Open Spaces 
(Sugiyama et al. 2010) 
2 
Quantify amenities and 
assign breaks 
Does not distinguish amenity 
types 
5 Open Space, Residential Property Values, and Spatial Context (Anderson & West 2006) 4 
Existing dataset landuse 
classification 
Only repeatable using the 
same dataset 
6 Who Benefits from Access to Green Space? A Case Study from Sheffield, UK (Barbosa et al. 2014) 2 
7 
Area-Level Disparities of Public Open Space: A Geographic Information Systems Analysis in Metropolitan 
Melbourne (Mavoa et al. 2014) 
4 
8 
Estimating the Value of Urban Green Areas: A Hedonic Pricing Analysis of the Single Family Housing Market in Los 
Angeles, CA (Saphores & Wi 2012) 
4 
9 Got Green? Addressing Environmental Justice in Park Provision (Sister et al. 2010) 5 
10 Is availability of public open space equitable across areas? (Timperio et al. 2007) 3 
11 
Do Poorer People Have Poorer Access to Local Resources and Facilities? The Distribution of Local Resources by 
Area Deprivation in Glasgow, Scotland (Macintyre et al. 2008) 
5 
Automate sorting using 
keyword in name 
Portable yet dependent 
upon who names the 
greenspace 
12 Using Participatory GIS to Measure Physical Activity and Urban Park Benefits (Brown et al. 2014) 6 
Group according to 
amenities 
Dependent on sorter thus 
lacks portability 
13 Stability of Self-Reported Favourite Places and Place Attachment over a 10-Month Period (Korpela et al. 2009) 13 
14 
Using GIS and Landscape Metrics in the Hedonic Price Modeling of the Amenity Value of Urban Green Space: A 
Case Study in Jinan City, China (Kong et al 2007) 
3 
15 Classification and Valuation of Urban Green Spaces: A Hedonic House Price Valuation (Panduro & Veie 2013) 6 
16 Mapping research priorities for green and public urban space in the UK (Bell et al. 2007) 19 
17 
The Relationship of Physical Activity and Overweight to Objectively Measured Green Space Accessibility and Use 
(Coombes et al. 2010) 
5 
18 Accounting for heterogeneity of public lands in hedonic property models (Ham et al. 2012) 2 
19 Understanding Urban Public Space in a Leisure Context (Johnson & Glover 2013) 4 
20 Open Space Planning in London (London Planning Adviory Committee 1992) 9 
21 Park, Recreation, Open Space and Greenway Guidelines (Mertes & Hall 1996) 16 
22 
A Multi-Dimensional Classification and Equity Analysis of an Urban Park System: A Novel Methodology and Case 
Study Application (Ibes 2015) 
5 
Automate sorting using 
cluster analysis 
Portable yet counts rather 
than distinguishes amenity 
types 
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Appendix 2 
Greenspace social equity studies distinguished by social equity operationalization 
# Paper                            Greenspace Spatial Measure Socioeconomic Indicator Research Outcome 
  Conceptualization Operationalization 
 
 
1 Who benefits from access to green space? A case study from Sheffield, UK 
(Barbosa et al. 2007) 
Accessibility Euclidian distance between household and 
nearest greenspace 
Welfare Borderline and Municipal 
Dependent 
Less greenspace access for the 
wealthy households 
2 Classification and valuation of urban green spaces: a hedonic house price 
valuation (Panduro & Veie 2013) 
Accessibility Network distance between household and 
nearest greenspace 
Hedonic House Price Less greenspace access for 
cheaper homes 
3 Accounting for heterogeneity of public lands in hedonic property models 
(Ham et al. 2012) 
Accessibility and 
Provision 
Euclidian distance from household to nearest 
greenspace and greenspace amenities within 
2 mile buffer of households 
Hedonic House Price Less greenspace access for 
cheaper homes, and fewer noisy 
greenspace activities near 
expensive homes  
4 Area-level disparities of public open space: a geographic information 
systems analysis in metropolitan Melbourne (Mavoa et al. 2014) 
Accessibility and 
Provision 
Network distance between SA1 population 
weighted centroid and nearest greenspace  
Index of Relative Socio-economic 
Advantage/Disadvantage 
Less greenspace access for the 
wealthy communities 
5 Do low-income neighbourhoods have the least green space? A cross-
sectional study of Australia's most populous cities (Astell-Burt et al. 2014) 
Provision Greenspace area within the 1km buffer of 
each SA1 population weighted centroid 
Poverty (household income < 
$21,000 p.a.) 
Less greenspace access for 
poorer communities 
6 Do features of public open spaces vary according to neighbourhood socio-
economic status? (Crawford et al. 2008) 
Provision Count of greenspaces, and multiple amenity 
types within 800 meter buffers of households 
Index of Relative Socio-
Economic 
Advantage/Disadvantage 
Less greenspace access for 
poorer communities 
7 Resources for physical activity participation: does availability and 
accessibility differ by neighborhood socioeconomic status? (Estabrooks et al. 
2003) 
Provision Count of greenspaces, sport facilities, fitness 
clubs, community centers, and walk/bike trails 
within census track 
Unemployed; Per capita income; 
and Poverty  
Less greenspace access for 
poor and middle thirds of 
communities 
8 A Multi-Dimensional Classification and Equity Analysis of an Urban Park 
System: A Novel Methodology and Case Study Application (Ibes 2015) 
Provision Population characteristics of dwellings within 
400 meter greenspace buffers, by greenspace 
type 
Income; population density; 
Latino, White, Black, and Other 
Ethnicity Proportions. 
Income groups, and Latinos and 
Whites are positively associated 
with some greenspace types 
and negatively with other types. 
9 Do poorer people have poorer access to local resources and facilities? The 
distribution of local resources by area deprivation in Glasgow, Scotland 
(Macintyre et al. 2008) 
Provision Greenspace area within 500-meter network 
weighted centroid 
Scottish Index of Multiple 
Deprivation quintiles 
Less public playground, sport 
center, swimming pool access 
for the wealthy communities 
10 Effect of exposure to natural environment on health inequalities: an 
observational population study (Mitchell & Popham, 2008) 
Provision Greenspace area within LSOA English Index of Multiple 
Deprivation in quartiles 
Less greenspace access for 
poorer communities 
11 Estimating the value of urban green areas: a hedonic pricing analysis of the 
single family housing market in Los Angeles, CA (Saphores & Li, 2011) 
Provision Tree cover area within 200-meter donut buffer 
of households 
Home Valuation Fewer public trees near cheaper 
dwellings 
12 Is availability of public open space equitable across areas? (Timperio et al. 
2007) 
Provision Greenspace area within postal district Index of Relative Socio-economic 
Advantage/Disadvantage 
Less greenspace access for 
poorer communities 
13 Racial/ethnic and socioeconomic disparities in urban green space 
accessibility: where to intervene? (Dai 2011) 
Population Pressure Count of population within Gaussian-based 
two-step floating catchment 
Socioeconomic Disadvantage, 
Social Status, and Cultural 
Barriers  
Greenspaces are shared by 
more people within poorer 
communities 
14 Got green? Addressing environmental justice in park provision (Sister et al. 
2010) 
Population Pressure Population counted within Thiessen polygon of 
greenspace divided by greenspace area 
Income Greenspaces are shared by 
more people within poorer 
communities 
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Appendix 3 
 
Fig.x Brisbane Statistical Division (BSD) average greenspace provision within 1 hectare buffers 
